Up until now, the process of obtaining spatial information for facilities management (FM) has been very laborious and tedious, even with the use of computer-aided facility management tools. The proposed research utilizes BIM based workflow to capture object attributes such that the building data created in a BIM model may be brought seamlessly into Facilities Management system rather than recreated. The proposed system not only imports geometry of walls, doors, windows, columns, and so on, but also retrieves attribute data associated with these objects. Therefore, queries can be executed to obtain -needed information, generate graphical or data-based reports, and identify interesting trends in facilities operations and maintenance for appropriate management. Since the proposed approach is objectbased, the system will automatically calculate or display the area of each space, and add additional information about each space such as occupant information, capacity, type, equipment and so on. Open BIM standards are used to retrieve or store information in a BIM model as that will facilitate the exchange of information between different FM systems. A prototype of the proposed system was developed in collaboration with the University of North Carolina at Charlotte (UNCC) FM department. The prototype was tested for its applicability and flexibility for the UNCC FM operations and maintenance management.
INTRODUCTION
Even though computer technology has progressed significantly over the past decade, the process of obtaining spatial information for facilities management (FM) continues to be very laborious and tedious. The general practice of collecting and storing data from a constructed facility is through the handover process, where the project information is typically given to the facility manager in paper format which may or may not include as-built information. This information must then either be filed away by facilities management personnel in a physical filing cabinet or a computer database. Processing this data through physical paper and numerous individuals increases the likelihood of errors and does not allow for convenient data retrieval.
Facilities management (FM) systems such as Construction Operations Building Information Exchange (COBie) and ARCHIBUS have been implemented as spatial information collection tools. However, these systems are limited to mainly document handover process. From this handover process, the spatial information, repair records, and product information are stored in a database and presented in spreadsheets. One spreadsheet could contain thousands of records and locating the desired information is challenging and time consuming.
The proposed research will use Building Information Modeling (BIM) in association with the Industry Foundation Class (IFC) system to simplify spatial data collection and retrieval for facilities management. IFC files, as an open BIM standard, contain not only geometry of walls, columns, beams, doors, windows, and other building components, but also contains specific attributes for each object, such as material type, material properties, vendor, to name a few. The proposed system will collect the building information from an IFC file and display a 3-D BIM model for visual interaction and to obtain and edit FM information within a database. Rather than tediously searching through numerous physical pages of records in a filing cabinet or lines of data within a spreadsheet, the information can be queried from a computer-aided 3-D BIM model of the facility. Queries can be executed to obtain information, generate graphical reports, tabular reports, and to identify interesting trends over a specific time period in facilities operations and maintenance for appropriate management.
A prototype of the proposed system was developed in collaboration with the University of North Carolina at Charlotte (UNCC) FM department. The prototype was tested for its applicability and flexibility for the UNCC FM operations and maintenance management.
LITERATURE REVIEW
Facilities management is a major aspect of the overall life-cycle of a facility. In comparison to the design and construction, the amount of man-hours and expenses is greater for facilities management over the life of a facility. FM costs could be as much as two or three times the cost of design and construction (El-Haram 2002) . Many researchers have recognized that the typical practice of using paper documents for handover, operations, and maintenance is often complex and time consuming (Vanlande 2008 , Eastman et al. 2008 . Consequently, many researchers have shown the advantages of computer-aided drawings (CAD) or digital models to improve facilities management. In the area of CAD and digital models, building information modeling has been a focus of research to improve the practices of facilities managers (Abaffy 2013) .
BIM is beginning to be an important technology in FM. Many have identified the need for additional features within BIM to apply to FM. Wu (2012) reports that BIM within the construction industry focuses mainly on 4D simulation, cost/data estimates, and collision detection. These uses are beneficial but do not reach the full potential of BIM use for the lifecycle of a project extending beyond the design and construction phases (Wu, 2012) . BIM is becoming more popular in the construction industry and facilities management (Becerik-Gerber, 2012) . Its popularity is due to the effectiveness of applying it to operations and maintenance of facilities (Chunduri, 2013) .
Several case studies have been conducted related to facilities management (FM) data handover and operations and management. A case study of data handover of the London 2012 Olympic facilities showed that when a facility manager is involved during the planning and strategy phase the management of the facility over its life cycle is improved. The case study also notes that a BIM system is beneficial for project data storage for use after construction operations for facility management and operation (Lindkvist, 2013) . Chunduri (2013) also reported that with strategic planning BIM implementation can be of great value for facilities management.
There are many BIM related facilities management systems available today, such as, ARCHIBUS, COBie, Accruent, AssetWorks, and YouBIM. YouBIM uses BIM technology for visual interaction and retrieval of building object properties, but lacks the ability to analyze the data for a proactive and preventative approach.
Overall, advancements have been made with these systems in data collection and storage, but accessibility and accuracy is a challenge. Limited research has been conducted for facility management systems to present facility spatial information in a 3D BIM model for ease of data access and analysis.
METHODOLOGY
The purpose of this research is to improve on the existing system of using Building Information Modeling for facilities management. To improve on this system we plan to expand current functionalities by building a system that allows information access from a BIM model and analysis to make informed and rational decisions for facilities operations and maintenance management. The process of the facilities management system for this research contains four main items: data collection through IFC, facility representation within a 3D CAD program, database connection for facility data storage, and data retrieval for analysis. Figure 1 presents the overall process of the system.
The international BIM standard Industry Foundation Class (IFC) is supported by several computer-aided drawing (CAD) programs. An IFC file is not a typical CAD drawing with simple geometric representations. IFC was created by buildingSMART to contain building information. An IFC file can contain spatial information, structural properties, and material information. All the information obtained from an IFC file is useful for facilities management. The IFC is first parsed with coding to collect all the information for different building components, such as walls, slabs, doors, and windows. The program then re-models the building in 3D presentation. This 3D model now contains the information from the IFC file and can be used for functions related to facilities management. The spatial information, structural properties, and material information of a building is important to obtain from the IFC file, but additional information is needed for facilities operations and maintenance management. For the input and retrieval of additional information a database connection is necessary to store, edit, and retrieve information. Facility managers will need information such as manufacturer's name, part numbers, installation dates, and warranty information of certain components or equipment. This model is connected to a database through Open Database Connectivity (ODBC). With this database connection, facility managers can input specific information of building components into the database for ease of access and modification. The program also incorporates a computer mouse click interaction with the 3D model. By clicking on a building component, the desired information can be retrieved from the database and displayed in a dialog box. The ease of information access will benefit operations and maintenance management for facility managers.
The goal of the research is not only to collect the data or to present the data, but to analyze it and present it in a rational usable format. Current facility management programs can present information of different building components; however, they lack the functionality of analysis. This research will implement a system to use as a decision making tool by analyzing provided information.
CASE STUDY
For this study, the authors used the BIM model of the Partnership, Outreach, and Research to Accelerate Learning (PORTAL) building at the UNCC (see Figure 2) . PORTAL is a 4-story, 95,000 square feet building. At the time of this research the PORTAL building was in the construction phase of the project.
The purpose of selecting a building on the UNCC campus is that facility management personnel with UNCC were available for discussions and able to identify current facility management problems.
Data extraction
The first step of the data extraction process was to obtain the BIM model for the PORTAL building (see Figure 2) . The next step was to export the file to IFC format. This process is shown in Figure 3 . All the spatial and geometric information was extracted to remodel the building. The information from each building component was then parsed from the IFC file. This information is mapped within IFC entities such as IFCWINDOW, IFCDOOR, IFCWALL, and IFCROOF. Each IFC entity begins with an identification number which references to or is referenced to other entities. By following the identification numbers within an IFC entity such as IFCSLAB, you will locate information such as the slab's relative location, location coordinates, orientation, thickness, and story elevation. Each window within the BIM model is identified by a number followed by "IFCWINDOW". The mapping of IFCWINDOW is followed by IFCPRODUCTDEFINITIONSHAPE. IFCPRODUCTDEFINITIONSHAPE ultimately defines the specific 3D points for the object representation. IFCWINDOW is also mapped with IFCOWNERHISTORY and IFCLOCALPLACEMENT. IFCOWNERHISTORY simply contains the modeling program used to create the IFC and the user of the file. IFCLOCALPLACEMENT identifies the window's location within the BIM model.
Figure 2. Revit BIM model of PORTAL Building at UNCC
Based on the challenges identified by the FM personnel at UNCC, two specific facilities management issues are addressed in this research. The first issue is related to window replacement and the second issue painting walls. These two issues were specific items which facility management personal at UNCC encountered. A window from a building at UNCC was shattered and complications arose related to identifying the replacement window. The wall painting issue arose because scuff marks and shoe prints were noticed on the walls in the Energy Production and Infrastructure Center (EPIC) building and the walls required repainting several times.
Once this information is identified with the IFC, the information can be extracted. The coordinate location, orientation, and 3D Cartesian points of each component are extracted to remodel the building (see Figure 4) . The remodeling is conducted to allow for further interaction of the model. The further interaction of the model includes allowing the facility manager to navigate the model and extract information needed to improve his practice of daily maintenance and operation. For example, he will be able to click on an object to present the desired information. 
Database Connection
After the components of the PORTAL building were remodeled for visual representation, the model was connected to a database. The database software used for this research was Microsoft Access. ODBC (Open Database Connectivity) driver manager was used to connect the BIM model to the database. ODBC is an interface that interacts directly with a database for ease of access within an application. The connection can be made with SQL or non-SQL databases.
Outside data collection
The database in conjunction with the BIM model is used to store information that a facility manager might require for daily activities. For instance, in the window replacement example, the facility manager needed to know the manufacturer's name, manufacture contact information, installation date, model number, to name a few attributes. This information was captured in the database. The goal of this research is to obtain and store this information within a database as well as make this information readily available to FM personnel. The 3D model which was represented by the IFC has the function of click interaction. By clicking on a building component a dialog box will appear with information stored in the database. By having this information available with the click of the mouse, this will help FM personnel with decision making in their daily practice.
Operations and maintenance analysis
At the time of this research the PORTAL building was in the construction phase. We applied instances from another building on the UNCC campus for operations and maintenance research. In the following two sections, the examples of window replacement and wall painting are used to demonstrate the opportunity to use this system as a decision making tool
Window replacement
The first example for special analysis is related to circumstance of a broken window in the Energy Production and Infrastructure (EPIC) building. During routine landscaping near the building, a rock projected from the equipment and shattered the outer pane of a double pane window. So, the window needed replacement. The procedure of replacing a window generally requires one of two methods. The first method is for the facility manager to identify the window manufacturer, model no., to name a few attributes. Working with a local vendor, the window has to be positively identified and verified available, it is then ordered, delivered, and finally installed. The biggest challenge with this method is the lack of readily available information and the availability of the window. The second method is to work through the construction contractor and get the information on the company that installed the windows for the facility and request them to identify the required window for replacement.
UNCC FM personnel utilized the latter method for window replacement. After the window was shattered, the facility manager located the contact information of the window company and they took care of the rest. Although this process was straight forward for FM personnel, it could have been a cause of problem too. This process of retrieving the needed information is made simple through the use of the prototype developed in this study.
The prototype connects a database to the 3D representation of the building. All the information that a FM personnel would need can be stored in this database. The window install company, contact information, window manufacturer, product code, size, installation date, repair date can be saved in this database. The 3D representation of the building offers click interaction with building components and equipment. Therefore, a facility manger will select a window and information will be displayed which is stored in the database. Figure 5 presents an example of window information.
Figure 5. Dialog box with window information
The prototype system, not only saves the time needed to search information in computer files or paper records in a filing cabinet; but also the information is available easily. The facility manager could also transmit the window information to the window repair company to save them from making a visit to the building to identify the parts required.
Wall repainting
In the beginning of 2013, the facility management personnel at the UNCC noticed significant amounts of scuff marks and shoe prints along the walls of the first floor of the Energy Production and Infrastructure Center EPIC building.
The facility manager submitted a work request and the walls were promptly repainted. In a few months, the walls were painted again due to the type and quality of paint. Shortly after repainting, the marks on the walls appeared again in the hallways, classrooms, and computer labs. The FM personnel were requested again to repaint the walls with the same paint to keep a clean and uniform presentation of the facility. The instance repeated five times on the same walls in the EPIC building. After the fifth instance of these marks on the walls the facility manager made the decision to purchase a higher quality washable paint. The walls were then repainted a sixth time. This whole process proved to be quite costly and time consuming. The costs of painting each time are shown in Figure 6 . In the above example, several attributes of information related to the work performed can be input into the database. This data can include work request code, work request type, date started, date completed, cost of labor, cost of parts, and total cost, to name a few attributes. In addition, the information related to walls is also stored in the database. When the facility manager opens up the 3D representation of the building and selects a specific wall, all the related to that wall can be made available. In addition with the click of a button, the facility manager can also create an analysis graph, similar to those presented in figures 6 and 7.
Figure 7. Graph of cumulative painting cost
Having this cost data available to the facility managers can help in the decision making process. For this case of repainting the walls six times, the FM could have identified the cost per repainting and made the decision to change the paint type to washable paint prior to the sixth repainting of the walls. If that decision had been made by the fourth instance of repainting, for example, at least $2000 could have been saved on the overall cost.
